Object. Anterior cervical discectomy and fusion had been considered a safe and effective procedure for radiculopathy and myelopathy in the cervical spine, but degeneration in adjacent spinal levels has been a problem in some patients after fusion. Since 2002, cervical disc arthroplasty has been established as an alternative to fusion. The objective of this study was to review data concerning the role of cervical arthroplasty in reducing adjacent-level degeneration.
C erviCal radiculopathy and myelopathy are conditions in which cervical spine surgery is frequently performed to alleviate signs and symptoms. Anterior cervical discectomy and fusion had been considered a safe and effective procedure for radiculopathy and myelopathy in the cervical spine, but some patients have been found to develop newly affected areas in adjacent spinal levels after fusion. It has not been proven whether the changes observed in these newly affected levels are, in fact, caused or accelerated by fusion or are a result of the natural history of the degenerative process. 8 The first paper related to CDA was published in 2002. 5 The author's arguments for CDA development were that accelerated degeneration would occur in intervertebral discs adjacent to immobilized spine segments (as a result of fusion) and the maintenance of movement by CDA could prevent ALD.
Since 2002, the results of several RCTs have been published. In all of these RCTs, the proponents of CDA stated that its rationale was to decrease the likelihood of adjacent-segment degeneration. 7, [14] [15] [16] 18 The theoretical advantage of arthroplasty, a longterm reduction in ALD, should be demonstrated conclusively for CDA to be considered a viable alternative to ACDF. 4 A systematic review of randomized trials on the effect of cervical disc arthroplasty on reducing adjacent-level degeneration
The main objective of this study was to review data related to CDA in comparison with fusion, revealing whether CDA has accomplished its objective of lowering the frequency of ALD.
Methods

Criteria for Selecting Studies for This Review
Types of Studies. Due to the potential importance of CDA for the treatment of cervical spine disorders, and due to the existence of RCTs comparing CDA with fusion, only randomized trials were evaluated (Table 1) . All nonrandomized trials were excluded (Fig. 1) . We excluded single-center studies that have been described as part of multicenter studies analyzed here to avoid repetition of data. Papers with fewer than 30 patients per group may not reveal a real difference in the distribution of outcomes, and thus were discarded.
Types of Participants. The study population included adult patients of both sexes with intractable radiculopathy, myelopathy, or both. Patients also exhibited nerve root or spinal cord compression (or both) by single-level cervical disc herniation.
Types of Intervention.
We compared the results of surgical treatment of single-level cervical disc herniation or osteophyte formation with radiculopathy/myelopathy treated by ACDF or CDA.
Types of Outcomes Studied. The rationale for CDA is the prevention of acceleration of ALD. The objective of this manuscript is to determine if CDA lowers ALD, so the primary end point to be studied would be the presence of ALD. End points related to self-rated symptoms and signs and those related to questionnaires, such as quality-of-life questionnaires, were considered as secondary (soft) outcomes and, although described, were not studied. Because ALD occurs over time, and to avoid confusion with reoperation rates for other conditions (for example, as single-level surgeries when a greater number of levels would be appropriate), only studies with at least 2 years of follow-up were analyzed.
Critical Evaluation and Selection of Studies
Papers were classified from 1 to 5, according to the Jadad score. 9 On the Jadad scale, description of randomization, description of blinding in treatment and evaluation, and description of withdrawals and dropouts receives one point. In addition, another point is added or removed if there is or there is not adequate randomization and blinding. The total can range between 0 and 5 ( Table  2) . A score greater than 3 indicates that a study was performed with sound methodology. A trial with loss of patient follow-up greater than 20% of the initial sample has been considered a poor-quality trial.
The works selected for analysis were classified according to the Jadad method for evaluation of RCTs, but all randomized trials evaluating the effects of CDA on ALD were included for critical appraisal. As recommended, a standardized protocol to limit bias in selecting studies was followed by a predetermined checklist (the 2001 CONSORT checklist, 13 Table 3) evaluating the methodological quality and internal validity of the study, considering only RCTs. Only studies comparing patients with radiculopathy or myelopathy caused by single-level nerve root or spinal cord compression were included. Studies that evaluated different outcomes associated with degeneration adjacent to fusion or adjacent to arthro- plasty, such as neurological outcomes or complications, or any other secondary outcomes were excluded. Studies evaluating the effect of prostheses in cervical myelopathy and studies involving multilevel cervical disc disease were also excluded.
Search Strategy
The study period was between January 2002 and August 2009. This time period was based on the publication of the first paper that described a commercially available CDA device. 5 The search for papers was performed by 2 independent reviewers. Databases Consulted. We searched MEDLINE, EMBASE, LILACS, and the Cochrane collection of randomized trials.
The MEDLINE search strategy involved a systematic review using the electronic search tool in the PubMed database (http://www.ncbi.nlm.nih.gov/pubmed/). An evidencebased systematic method was used to generate a structured question. This method is called "PICO" 
Initial Points
Additional Points Deductions
Was the study described as randomized? 1 appropriate randomization 1 randomization was described, but was inappropriate −1 Was the study described as double blind?
1 appropriate blinding 1 blinding was described, but was inappropriate The EMBASE search strategy used the terms cervical vertebrae/exp AND radiculopathy/exp OR myelopathy/exp AND spinal fusion/exp OR arthrodesis/exp. A search using these terms recovered 21,973 papers.
The search strategy for the Cochrane collection of randomized trials used the terms cervical spine OR cervical spine arthroplasty OR cervical spine AND artificial disc OR cervical spine arthrodesis OR cervical spine fusion. The search recovered a total of 230 papers.
Statistical Analysis
The results were described as risk, risk difference (increasing or decreasing absolute risk), and the number of patients who must be treated to obtain benefit (NNT) or to cause harm (NNH).
The significance of the results was expressed as a confidence interval or as the probability of a Type I error (p).
The software used in meta-analysis was Comprehensive Meta-Analysis (Biostat, Inc.). 
Results
The PubMed Search
The PubMed search revealed a total of 18,249 papers. Of these papers, 184 were described as clinical, randomized trials in humans.
Based on the analysis of titles, the following papers were also excluded: 13 works related to fractures, 2 papers related to the use of bone morphogenic protein (Rh-BMP-2), 100 papers describing conditions in the lumbar spine, 1 study related to absorbable devices, 2 papers related to dynamic systems, 6 papers studying the treatment of multilevel disease, 10 papers exclusively evaluating motion analysis, 1 paper describing the design of a trial, and 3 papers studying conditions associated with low-back pain.
Forty-six papers were reevaluated on the basis of their abstracts. Papers studying other outcomes were excluded. [1] [2] [3] The excluded papers are described in Appendix 1.
The bibliographic search revealed 12 randomized studies ( Table 1) .
The arthroplasty devices studied in RCTs were limited to Bryan, Prestige, and ProDisc C.
The EMBASE Search
The EMBASE search revealed 21,973 papers. Fortyone were described as RCTs but none of them were added to the PubMed search results.
The LILACS Search
Although the LILACS search revealed 3820 papers, only 5 were described as RCTs, and none of them related to the objective of this search.
The Cochrane Search
The search of the Cochrane collection of randomized trials revealed papers that already had been identified previously by the other searches.
Analysis by Type of Device
As there is evidence that the described arthroplasty devices have different mechanical properties, we individually analyzed the results for the different types of devices. 12 For each device, we performed a preliminary evaluation of the recorded evidence (evaluation of all papers initially described as randomized trials) and then performed our primary analysis and data extraction using the papers that satisfied our inclusion criteria.
The Bryan Device
Preliminary Evaluation. The search for RCTs related to the Bryan device recovered 13 papers. One of these papers 2 described adverse events. Another paper 3 focused on 2-level disease. Four papers 10, 12, 21, 22 studied sagittal angulation, stress analyses, cervical kinematics and biomechanical details. One paper 24 was an MR imaging clarity comparison between several arthroplasty devices. Another paper 27 studied the effect of a modified technique. Three papers 4, 6, 23 were reports by authors who were part of a major study encompassing 30 centers with a longer follow-up. 7 To avoid repetition of data, only the major multicenter study, the 2009 paper by Heller et al.
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(referred to in the present paper as "The Bryan Study") and the paper by Wang et al. 26 were included for further analysis.
Analysis of the Recorded Evidence. The Bryan Study 7 was published in 2009 and was based on results from 30 primary centers, involving 65 investigators. Five hundred eighty-two patients were randomized initially, and final outcome was evaluated in 424 (91.57% of surgically treated patients were evaluated). Patients were randomly assigned into blocks of 4. There was an initial imbalance of samples regarding the mental component of the SF-36 quality-of-life questionnaire, range of motion, and body mass index. The primary end points studied were the following: a sum improvement greater than or equal to a 15-point improvement in the neck disability index (NDI) (a composite measure termed "overall success"), maintenance or improvement of neurological status, no serious adverse events related to device or surgical procedure, and no subsequent intervention. The outcomes studied were the responses to the questionnaires for the NDI, SF-36, numerical rating scales for neck and arm pain; angular range of motion; and the adverse occurrences in both techniques. The rates of fusion and secondary surgical procedures were also studied. The ALD rates were not specifically studied. The paper by Wang et al. 26 described 59 patients randomized to treatment with the Bryan device or traditional ACDF. The objective was to study differences in clinical outcomes. The NDI and neck pain (visual analog scale) were evaluated as well as operation time and blood loss. The authors also evaluated the range of motion in the sagittal plane. The ALD rate was not specifically studied.
The Prestige Device
Preliminary Evaluation. The search for articles related to the Prestige device uncovered 4 RCTs.
14,18-20 One paper 19 was a secondary analysis of neurological outcome in patients with myelopathy. Another paper 20 was a single-center study, beginning with 55 patients but reporting final follow-up results in only 9. As final follow-up data from only 16% of the study group was evaluated, this paper was excluded from the analysis.
The 2 remaining papers-the 2007 article by Mummaneni et al. 14 18 enrolled 55 patients, 27 of whom received the Prestige device. At the time of the authors' report, 9 had a 24-month follow-up. The outcomes studied were neck and arm pain, NDI scores, SF-36 scores, neurological status, the foraminal compression test (positive or negative results), success of fusion in the Fusion Group and range of motion in the CDA Group, spinal functional success rate, and patient satisfaction. Adjacent-level disease was not studied.
The study reported by Mummaneni et al. 14 was a 32-center RCT with 24 months of follow-up and 541 patients. Beyond other outcomes studied in this paper, the rates for surgeries performed on adjacent levels in both study groups were described and were separated for further analysis.
The ProDisc C Device Preliminary Evaluation. The search for ProDisc C revealed 3 RCTs. [15] [16] [17] Two papers by Nabhan and colleagues 16, 17 were based on radiostereometric analysis performed at 24 weeks 16 and at 13 months. 17 In neither paper is there any mention of ALD.
The third paper was a multicenter study by Murrey et al., 15 involving 13 investigational sites across the US, with 13 primary investigators evaluating 209 randomized patients who had single-level radiculopathy. A noninferiority study design was used.
Analysis of the Recorded Evidence. The study of Murrey et al. 15 was an FDA investigational device exemption study involving 209 patients who underwent surgery between August 2003 and October 2004. Using a fixed-randomization blocking method of 4 assignments per block, a contract research organization generated random allocations in a 1:1 ratio. This paper used the same noninferiority design as was used in the other multicenter RCTs, with the same design and variables but with the addition of a question about satisfaction with the type of treatment provided. The authors described a global rate of secondary surgeries with both experimental and fusion devices, but ALD was not specifically studied.
Critical Evaluation of Qualifying Paper
The study by Mummaneni et al.
14 was the only selected paper describing the rates for surgery adjacent to fusion, the described outcome similar to ALD.
Evaluation According to Checklist
Protocol. This study used a noninferiority study design, which, although randomized, is very different from a typical (superiority) RCT. The level of significance determined according to this noninferiority study was p < 0.10, whereas p < 0.05 is standard in typical RCTs. Randomization was performed using the Plan Procedure in Statistical Analysis System (version 6.12 or higher, SAS). Treatment was 1:1 on a site basis. There was no attempt to conceal allocation of intervention assignment, and neither were there attempts to perform a blinded analysis of results. There was no attempt to perform clinical evaluations in a blinded manner, but the radiological evaluations were performed by 2 independent radiologists. Follow-up evaluations were completed in 80% of the investigational group (223 of 276 patients) and only 75% of the control group (198 of 265 patients). In the control group, measurable flexionextension radiographs obtained at 24-month follow-up were available in only 125 patients, 56.8% of the 220 for whom comparable preoperative studies were available. These 125 patients represented only 47.2% of the total of 265 initially enrolled.
The interim analysis was performed for the first 250 patients in whom there were successful outcomes at 24 months. The presence of migration between groups was not described. Sample size and estimated differences between groups were calculated according to the noninferiority study design.
Evaluation According to the Jadad Scale. Evaluation based on the scoring system of Jadad et al. 9 yielded a score of < 3. The study was not double blind, and it did not include a precise description of the number of withdrawals and dropouts in each of the study groups and the underlying reasons. Additionally, the loss to follow-up was greater than 20% in the fusion group (56.8%) (Fig. 2) and the CI related to the studied outcome is large. The results of this study are thus considered Level 2b evidence (http://www.cebm.net/index.aspx?o=1025).
Additional Potential Sources of Bias. There was a statistically significant intergroup difference in frequency of alcohol consumption. Radiographic evidence of adjacent-segment degeneration, such as the formation of radial osteophytes or the narrowing of disc space, was not assessed in this study. Adjacent-segment degeneration was assessed only on the basis of an additional surgical intervention at an adjacent level. Rates for surgeries on adjacent levels are not equivalent to ALD rates. The selection of a single level to treat surgically is made on the basis of a surgeon's subjective impression that the source of compression is limited to that specific level. For example, in Mummaneni's work, 5 patients in the arthroplasty group are described as undergoing revision surgery (removal of the implant and revision to ACDF, in Table  4) , with 2 out of these 5 undergoing a 3-level fusion, 12 months postoperatively in one case and 24 months postoperatively in the other. The change from one initially selected level on which to operate to a 3-level operation at revision after 12 or 24 months of follow-up may reveal other reasons besides ALD for additional surgery (for example, the initial selection of the disc levels for surgical treatment may have been too limited). It should be noted that the available data regarding reoperation in Tables 3  and 4 in the article by Mummaneni et al. are somewhat discordant. In Table 3 , the authors reported that there was no revision or supplemental fixation for arthroplasty patients. In Table 4 , 5 arthroplasty patients are described as undergoing revision fusion procedures; in 2 of them, 3-level fusions were performed.
The outcome measures used included the SF-36 questionnaire, the NDI and neck and arm pain numeric rating scales, and neurological and work status.
For technical reasons, radiological results were provided for 64% of patients in the arthroplasty group and 47% of patients in the fusion group. Only angular motion was assessed.
Adjacent-segment degeneration, such as the formation of radial osteophytes or the narrowing of the disc space, was not assessed in this study. Adjacent-segment degeneration was assessed only on the basis of additional surgical intervention at an adjacent level.
In the CDA and fusion groups, 3 of 223 and 9 of 198 patients, respectively, had undergone surgery for ALD at the final follow-up.
The authors disclosed their relationship with the industry and products studied in their work.
Synthesis of Benefit and Harm.
Analysis of the results reported by Mummaneni et al. 14 shows an absolute risk reduction for surgery for adjacent-level surgery of 3.2%, and the NNT required to reveal this difference is 31 (Tables 4 and 5 ). The 95% CI is not statistically significant (−15 to 1000, Fig. 3 ).
Discussion
Classically, ACDF has provided a high clinical success rate. In May 2002, the Bryan disc implant became the first cervical artificial disc replacement performed in the US. The promise of CDA was to lower the risk of ALD in segments above and below the devices.
All the authors of all the RCTs have emphasized this premise when introducing their papers. As the theoretical advantage of arthroplasty is a reduction in adjacent-level stresses and a decreased risk of ALD, 4 this should be the primary end point. All other related end points may be considered secondary or "soft" end points.
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The 3 multicenter randomized trials studied 1174 patients. All the RCTs used nearly identical FDA noninferiority study designs.
The outcomes evaluated were neck and arm pain, neurological success, adverse events with the prosthesis, or fusion and reoperation rates.
Only the article by Mummaneni et al. 14 described the number of second surgeries at adjacent levels. Although these authors have the merit of being the only ones to describe this end point, it must be remembered that surgery in adjacent levels is not synonymous with ALD. Most surgeons are aware of the relative subjectivity involved in choosing the level to be decompressed in the cervical spine, mainly in the presence of minor but real disease or degeneration in other motion segments. Many patients have multilevel disc degeneration. There is a great chance that a given patient's cervical spine has to be decompressed at more than one level by the first surgery, and this is particularly likely in patients with cervical spondylotic myelopathy. In the 5 CDA patients described by Mummaneni et al. as undergoing revision surgery, 2 required 3-level ACDF (1 year after the original surgery in 1 case and 2 years after the original surgery in the other).
Because the number of secondary operations in adjacent levels was small, an inadequate choice of the single level to be decompressed in a few patients could enormously change the results. Nevertheless, the analysis of final results, based on the difference between adjacent-level surgery rates and on the number needed to treat to reveal differences, did not exhibit statistical significance according to a large confidence interval.
As the name indicates, a noninferiority study design is intended to reveal similarities and not differences. To compare the effects on ALD of CDA and fusion, a study should reveal differences.
Noninferiority designs have generated vigorous debate in the literature. These designs have been described as not being in the best interests of patients and instead being dedicated to commercial interests.
The undesirable outcome that a physician would first like to avoid is the need to perform additional surgery in a patient who has undergone surgical treatment for radiculopathy or myelopathy.
The randomized trials used composite scales to reveal noninferiority effects based mainly on questionnaire responses.
Although the SF-36 questionnaire has become the main tool for quality-of-life studies, there remain doubts about studying secondary outcomes by using questionnaires when primary outcomes are not studied. There is a great chance of a Type I error when studies follow this design. All RCTs evaluated in this study used an "overall success rate" as the primary study end point.
It is important that RCTs definitively clarify the effects of CDA in cervical spine surgery.
Adjacent-level degeneration was not studied as a main outcome in any RCT. In the only paper studying adjacent-level surgery rates, the results do not support a decrease in ALD.
Some noninferiority randomized studies comparing CDA and fusion have shown equivalence in several studied outcomes. This review is intended to specifically clarify the effect of arthroplasty on ALD, and other reviews probably will elucidate the global effect of CDA in surgery of the cervical spine.
Conclusions
No study has specifically compared outcome with respect to ALD after CDA or fusion and there is no clinical evidence of reduction in ALD with the use of CDA. 
